Abstract Three experiments were conducted to examine the effect of phonological similarity in simple and complex memory span tasks. In Experiment 1, participants performed either a simple or a complex span task, and the memoranda within lists were either phonologically similar or distinct. Phonologically similar lists consisted of words that rhymed.The simple span task was word span. There were two complex span tasks; one was the original reading span task, and the other was a variant of reading span in which all the sentences within a list were contextually related. The classic phonological similarity decrement was observed in word span. In contrast, phonological similarity facilitation was observed in both versions of reading span. This facilitation effect was further investigated in Experiment 2 using two new versions of reading span. In Experiment 2, the sentences in reading span were either short or long, and the memoranda were presented separately from, and were unrelated to, the sentences. Again, words within phonologically similar lists rhymed, and again, facilitation was observed. In Experiment 3, phonological similarity was operationalized in terms of feature overlap, rather than rhyme. The classic phonological similarity decrement was still observed in word span, but facilitation was not observed in complex span. The results suggest that phonological similarity, when operationalized using words that rhyme, serves as a list retrieval cue and that complex span tasks are more dependent on cue-driven memory retrieval mechanisms than are simple span tasks.
In the present experiments, we investigated the effect of phonological similarity on simple and complex span performance. The phonological similarity effect, which refers to the finding that phonologically dissimilar lists of stimuli are recalled better than phonologically similar lists, is considered a classic finding in short-term memory research and has been reliably demonstrated in simple span tasks and other tasks that require immediate serial recall (for reviews, see Botvinick & Plaut, 2006; Lewandowsky & Farrell, 2008; Page & Norris, 1998) . However, phonological similarity has been investigated less in complex span, which is somewhat surprising because it does not always have an effect on complex span and, in some cases, the effect is reversed, resulting in phonological similarity facilitation (Copeland & Radvansky, 2001; Tehan, Hendry, & Kocinski, 2001) .
To be clear, simple span tasks consist of a list of to-beremembered stimuli, presented one at a time-typically, at a rate of one stimulus per second-followed by a recall prompt, at which point the participant is required to recall the stimuli in the serial order in which they were presented. In contrast, complex span tasks require the participant to perform some secondary task while encoding and maintaining stimuli for later recall. For example, in the reading span task, the participant must read a series of sentences, each presented one at a time, and remember the last word of each sentence for later recall. As in simple span, participants are typically required to recall the stimuli in the serial order in which they were presented.
The difference between simple and complex span tasks is of theoretical interest because these tasks have shown empirical dissociations in both psychometric and neuroimaging investigations of working memory (WM). Psychometrically, simple span tends to be less predictive than complex span of cognitive ability and general fluid intelligence (Conway, Cowan, Bunting, Therriault, & Minkoff, 2002; Conway, Kane, & Engle, 2003; Daneman & Carpenter, 1980; Daneman & Merikle, 1996; Engle, Tuholski, Laughlin, & Conway, 1999; Kane et al., 2004) . Also, cross-domain correlations are higher for complex span than for simple span tasks. That is, correlations among verbal and spatial complex span tasks tend to be higher than correlations among verbal and spatial simple span tasks (Kane et al., 2004) . Finally, verbal simple span predicts verbal reasoning more strongly than it predicts spatial reasoning, and likewise, spatial simple span predicts spatial reasoning more strongly than it predicts verbal reasoning (Kane et al., 2004) . These results collectively suggest that complex span tasks are more dependent upon domaingeneral cognitive mechanisms than are simple span tasks.
Neuroimaging experiments also suggest important distinctions between simple and complex span tasks (Bunge, Klingberg, Jacobsen, & Gabrieli, 2000; Kondo et al., 2004; M. Osaka et al., 2003; Smith et al., 2001) . Of particular interest here are experiments on complex span, because they typically include simple span as a baseline (contrast) condition. For example, Bunge et al. had participants perform reading span while undergoing fMRI. The participants also completed two baseline conditions, a reading-only task and a remember-wordsonly task. Neural activity during the reading span task was contrasted with that during the reading-only task and, separately, with that during the remember-words-only task, and then the conjunction of the two contrasts was taken to identify brain regions uniquely recruited by reading span. This analysis revealed neural activity in the bilateral prefrontal cortex and left parietal cortex. Several other fMRI experiments have subsequently replicated this result, and lateral prefrontal and posterior parietal areas are commonly thought to contribute to WM function (for a review, see Jonides et al., 2008) .
One recent fMRI experiment on complex span is particularly relevant to the present investigation. Chein, Moore, and Conway (2011) had participants perform both verbal and spatial complex span and their corresponding baseline conditions. The results replicated previous fMRI studies on complex span, such that the lateral prefrontal cortex and posterior parietal cortex were more active in complex span than in the baseline conditions, as revealed by conjunction analyses like the one described above. More important, when fMRI data acquisition was restricted to the recall stage of a trial (rather than averaging across the entire trial, as had been done in previous research), there was greater activity in the hippocampus during complex span than during simple span. This suggests that complex span tasks recruit memory retrieval mechanisms that are typically associated with retrieval from long-term memory.
These recent fMRI results are consistent with a theoretical account of individual differences in WM capacity (WMC) proposed by Unsworth and Engle (2007) . According to their view, individual differences in WMC arise from two abilities: the ability to maintain information in an immediately accessible state and the ability to retrieve information that is not immediately accessible. In their terms, WM engages both primary and secondary memory. They argued that primary memory is responsible for maintaining a limited number of highly active representations in short-term intervals. The representations are maintained through continuous allocation of attention so they are immediately accessible. Primary memory is generally assumed to be limited to approximately four representations (Atkinson & Shiffrin, 1968; Cowan, 2001 ). According to Unsworth and Engle, when a task requires that more than four items be maintained simultaneously, when attention is diverted toward processing new material, or when attention is captured by other stimuli, representations are displaced from primary memory into secondary memory. These representations must then be recovered via a cue-dependent search mechanism (Unsworth & Engle, 2007) .
Thus, according to this view, in complex span tasks, the to-be-remembered items are quickly displaced into secondary memory, due to the processing component of the task (e.g., reading sentences aloud in reading span), and must therefore be retrieved at recall via a discriminative search process. This could explain why phonological similarity has a different effect on simple and complex span. Complex span is more dependent on memory retrieval mechanisms associated with the medial temporal lobe (Chein et al., 2011) . Thus, the fact that the list of items is phonologically similar may serve as a retrieval cue and facilitate recall. An alternative idea, which is not mutually exclusive, is that the nature of memory representations in complex span tasks change as a function of time and/or interference and, as a result, phonological features become less salient. This notion will be further considered in the General Discussion section.
Manipulating phonological similarity in complex span is not a novel experiment. For example, Copeland and Radvansky (2001) demonstrated the classic phonological similarity decrement in a simple span task, in which the tobe-remembered items were words, and phonological similarity facilitation in a reading span task, in which the to-beremembered items were the final word of each sentence (see also Tehan et al., 2001 ). However, Copeland and Radvansky found no effect of phonological similarity when the interpolated task in complex span was solving math problems (i.e., the operation span task; Turner & Engle, 1989) . On the basis of these findings, Copeland and Radvansky concluded that enhanced recall in the phonologically similar condition in reading span was due to knowledge that the target words rhymed coupled with the context of the sentences. This view is therefore referred to here as the sentence context hypothesis. Nairne and Kelley (1999) were also able to reverse the phonological similarity effect by employing a BrownPeterson type task (Brown, 1958; Peterson & Peterson, 1959) . In Brown-Peterson tasks, a list of to-be-remembered items is presented, and then a distracting task is performed prior to recall. Nairne and Kelley had participants read digits aloud after a list of stimuli had been presented. In one condition, participants read only 4 digits, and in another condition, they read 48 digits. In the former condition,the classic phonological similarity decrement was observed, but in the latter condition, phonological similarity facilitation was observed. Thus, Nairne and Kelly produced a phonological similarity facilitation effect in a task that did not include sentence context. It is therefore possible that phonological similarity itself serves as a list retrieval cue (Nairne & Kelly, 1999 ) and this cue is what causes phonological similarity facilitation in reading span. We therefore refer to this view as the list context hypothesis.
The first two experiments reported here tested whether phonological similarity facilitation in reading span is caused by sentence context or simply because similarity is an efficient list retrieval cue. In the first experiment, we manipulated phonological similarity in word span and two versions of reading span, in which we manipulated sentence context. In the second experiment, we again used reading span tasks but separated the to-be-remembered words from the sentences, thus eliminating the link between sentence context and the memoranda. To preview, phonological similarity facilitation was observed in all reading span conditions across the two experiments, supporting the list context hypothesis.
This facilitation effect was further explored in Experiment 3. In our first two experiments and in Copeland and Radvansky (2001) , phonologically similar lists consisted of words that rhyme. An alternative approach is to create lists consisting of words that share phonological features but do not rhyme. We adopted this approach in Experiment 3 to demonstrate a boundary condition on the facilitation effect. That is, we did not expect to observe facilitation in this case, because feature overlap is not as salient as rhyme and, therefore, should not serve as an efficient retrieval cue.
Experiment 1

Method
Participants
Sixty-one undergraduate students participated in Experiment 1 (E1) in exchange for partial course credit. Participants were randomly assigned to either a simple span task or a complex span task. Participants assigned to the simple span task completed word span (n = 20). Participants assigned to a complex span task completed either reading span (n = 20) or story span (n = 21). The participants were all native English speakers.
Materials and procedure
A total of 108 single-syllable nouns were used as memoranda. The words were normed for frequency (Kučera & Francis, 1967) , meaningfulness (Toglia & Battig, 1978) , familiarity (pooled; Gilhooly & Logie, 1980; Pavio, 2011; Toglia & Battig, 1978) , concreteness (pooled; Gilhooly & Logie, 1980; Pavio, 2011; Toglia & Battig, 1978) , and imageability (pooled; Gilhooly & Logie, 1980; Pavio, 2011; Toglia & Battig, 1978) , using the MRC Psycholinguistic Database (Coltheart, 1981) .
Fifty-four of the words were arranged in three lists of 3, 4, 5, and 6 such that the words within each list were phonologically similar to one another (e.g., shawl, hall, doll).The other 54 words were arranged in three lists of 3, 4, 5, and 6 such that the words within each set were phonologically dissimilar from one another (e.g., deck, frown, sea). All tasks were experimenter paced.
Word span Words were presented one at a time on a computer screen, and participants were instructed to read the words aloud. At the end of a list, the word "RECALL" was presented, and participants were instructed to type all the words into a computer in correct serial order. After participants practiced the task with four 2-length lists, two phonologically similar and two dissimilar, they began the actual task.
The task consisted of three 3-length lists, three 4-length lists, three 5-length lists, and three 6-length lists in each condition. Phonological similarity was manipulated within participants and blocked, and the blocks were counterbalanced across participants, such that half the participants performed the phonologically similar condition first and half performed the dissimilar condition first. The lists within each phonological condition were presented randomly, such that the participant could not predict the length of the upcoming list. Prior to the presentation of each new list, a ready screen appeared for 2,000 ms (see the left column of Fig. 1 ).
Reading span One hundred eight sentences were created, containing from 14 to 19 syllables. Sentences were normed for reading on the basis of combined scores from the Flesch Reading Ease Formula (Flesch, 1948) , pooled FleschKincaid, (Kincaid, Fishburne, Rogers, & Chissom, 1975) , Coleman-Liau (Coleman & Liau, 1975 ), Gunning Fog (Gunning, 1952 ), and SMOG (McLaughlin, 1969 indices. Each sentence was created so that it ended with one of the 108 single-syllable nouns used as stimuli in the word span task.
In the complex span tasks, sentences were presented one at a time on a computer screen, and participants were instructed to read the sentences aloud and attempt to remember the final word in each sentence. Half the final words of the sentences were phonologically similar within a list of sentences, and half were dissimilar. For example, participants read this 3-length list in the phonologically dissimilar condition: (1) "When we add on to our house we will build a wooden deck"; (2) "The workers knew he was not happy when they saw his frown"; (3) "She drove along the bumpy road with a view of the sea." The experimenter clicked the mouse to present the next sentence immediately after the participant had finished reading the previous sentence, in an effort to reduce rehearsal. After participants practiced the task with four 2-length lists, two phonologically similar and two dissimilar, they began the actual task.
The tasks consisted of three 3-length lists, three 4-length lists, three 5-length lists, and three 6-length lists in each condition. Phonological similarity was manipulated within participants and blocked, and the blocks were counterbalanced across participants, such that half the participants performed the phonologically similar condition first and half performed the dissimilar condition first. The lists within each phonological condition were presented randomly, such that the participant could not predict the length of the upcoming list. Prior to the presentation of each new list, a ready screen appeared for 2,000 ms (see the right column of Fig. 1 ).
Story span A second version of reading span was created, which we refer to as story span. The only difference between reading span and story span was that, in story span, the sentences were contextually related within each list. For example, a participant in the reading span condition saw this three-length phonologically dissimilar list in which the sentences are not contextually related:
1. "When we add on to our house we will build a wooden deck." 2. "The workers knew he was not happy when they saw his frown." 3. "She drove along the bumpy road with a view of the sea." Fig. 1 Examples of phonologically similar and phonologically dissimilar length-three lists in a simple span task (word span) and in a complex span task (reading span)
A participant in the story span condition saw this threelength phonologically dissimilar list in which the sentences are contextually related:
1. "The captain needed to talk to his crew so called for all hands on deck." 2. "The sailors knew something was very wrong when they saw his frown." 3. "There was an unavoidable storm and they were out on the open sea."
Scoring
Phonological similarity effects are most often observed in serial recall. However, other scores can be derived from the data and have the potential to clarify the nature of similarity effects (Neale & Tehan, 2007) . We therefore used three scoring procedures, resulting in three dependent measures, which we refer to as serial recall, item recall, and order accuracy. Each of these measures is described in more detail below. Detailed error analyses were also conducted for each experiment, but for space considerations, they are reported in a table in the Appendix.
Serial recall The partial-credit-load method was used to score all the span tasks (Conway et al., 2005) . Partial-credit methods consider a list partially correct if some of the items were recalled correctly. For example, if two out of three words were recalled in correct serial order, credit would be awarded for the two correctly recalled words (for serial recall scoring). Load methods of scoring take list length into account. For example, if three out of three words were recalled in correct serial order, the score would be 3. If six out of six words were recalled in correct serial order, the score would be 6. List scores are then added and divided by the total number of memoranda-in this case, 54 in each condition. Thus, the dependent measure is the proportion of items recalled in the correct serial position.
Item recall The partial-credit-load method was also used for item recall. However, for item recall, an item was considered correct if it was recalled in any serial position.
Lists were scored and summed in the same manner as described above, and the dependent measure was the proportion of items recalled, regardless of serial position.
Order accuracy Order accuracy refers to the ratio of serial recall to item recall. In other words, if an item is recalled, what is the probability that it is recalled in the correct serial position? For each list we calculated the ratio of items recalled in correct serial order, relative to total items recalled. For example, if a participant recalled two items from a five-item list but only one of the two items was in the correct serial position, order accuracy would be .5.
Results and discussion
All statistical significance tests were conducted from the perspective of null hypothesis significant testing with alpha = .05, and effect sizes were estimated using eta-squared, η 2 , or partial eta-squared, η p 2 .
Serial recall A 3 × 2 mixed factorial ANOVA revealed a significant main effect of task (word span, reading span, or story span), F(2, 58) = 10.54, p < .01, η p 2 = .27. The main effect of similarity (phonologically similar or dissimilar) was not significant, F(1, 58) = 2.18, p = .15, η p 2 = .04, due to the opposing effects of phonological similarity on simple and complex span tasks, as revealed by a significant interaction, F(2, 58) = 22.62, p < .01, η p 2 = .44 (see Fig. 2a ).
There was considerably more variance in the complex span tasks than in the simple span task, violating the homogeneity-of-variance assumption of the ANOVA. Indeed, Levene's test was significant for both the similar and dissimilar conditions (for both, p < .05). Therefore, the significant interaction from the omnibus analysis was further examined by conducting two simple effects analyses, one on the simple span data and another on the complex span data.
The simple effects analysis on word span revealed a significant main effect of phonological similarity, such that serial recall was greater in the dissimilar condition than in the similar condition, F(1, 19) = 78.8, p < .01, η 2 = .81, replicating the classic phonological similarity effect.
Simple effects analyses on the complex span data consisted of a 2 × 2 mixed factorial ANOVA with task (reading span, story span) and phonological similarity (similar, dissimilar) as the independent variables. This analysis revealed phonological similarity facilitation; that is, there was a significant main effect of phonological similarity, such that serial recall was greater in the similar condition than in the dissimilar condition, F(1, 39) = 5.89, p = .02, η p 2 = .13. The main effect of task was not significant, F(1, 39) = 2.58, p = .12, η p 2 = .06, but there was a trend in both the similar and dissimilar conditions indicating that serial recall was greater in story span than in reading span (see Fig. 2a ), suggesting that the added context in story span had an effect on serial recall, albeit a weak one. More important, the interaction between task and similarity was not significant (and in fact, it was completely nonexistent), F(1, 39) = 0.00,p = .99, η p 2 = .00. Taken together, these results suggest that while sentence (or story) context slightly improved serial recall, it did not impact phonological similarity facilitation, which is incon-sistent with the sentence context hypothesis. Instead, it seems that phonological similarity itself serves as a retrieval cue, facilitating recall in complex span.
Item recall A 3 × 2 mixed factorial ANOVA was also conducted on item recall. This analysis revealed a significant main effect of task, F(2, 58) = 23.15, p < .01, η p 2 = .44, and a significant main effect of phonological similarity,F(1, 58) = 27.67, p < .01, η p 2 = .32. However, these main effects were qualified by a significant interaction between task and similarity, F(2, 58) = 25.78, p < .01, η p 2 = .47 (see Fig. 2b ). Again, there was significantly more error variance in the complex span tasks than in the word span task (Levene's test was significant in both the dissimilar and similar conditions; p < .05 for both), so the interaction was further examined by considering the simple and complex span data separately.
For the word span task, the classic phonological similarity effect was again observed, F(1, 19) = 11.07, p < .01, η 2 = .37, such that item recall was better for dissimilar lists than for similar lists. To further examine the complex span data, a 2 × 2 mixed factorial ANOVA was conducted with task as the between-groups variable and similarity as the within-groups variable. Here, we observed phonological similarity facilitation,F(1, 39) = 63.15, p < .00, η p 2 = .62, such that item recall was better for similar lists than for dissimilar lists. The main effect of task was also significant,F(1, 39) = 5.57, p = .02, η p 2 = .13, such that item recall was better in story span than in reading span. The interaction was not significant, F(1, 39) = .21, p = .65, η p 2 = .01. These results are consistent with the serial recall data, except that, here, the difference between story span and reading span reached significance.
Order accuracy A 3 × 2 mixed factorial ANOVA was also conducted on order accuracy. This analysis revealed a significant main effect of task, F(2, 58) = 3.54, p = .04, η p 2 = .11, and a significant main effect of phonological similarity,F(1, 58) = 16.68, p < .01, η p 2 = .22. However, these main effects were qualified by a significant interaction between task and similarity, F(2, 58) = 22.62, p < .01, η p 2 = .44 (see Fig. 2c ). Again, there was significantly more error variance in the complex span tasks than in the word span task (Levene's test was significant in the dissimilar condition, p = .02, and close to significant in the similar condition, p = .11), so the interaction was further examined by considering the simple and complex span data separately.
For the word span task, the classic phonological similarity effect was again observed, F(1, 19) = 83.18, p < .01, η 2 = .81, such that order accuracy was better for dissimilar lists than for similar lists. To further examine the complex span data, a 2 × 2 mixed factorial ANOVA was conducted with task as the between-groups variable and similarity as the within-groups variable. None of the effects in this analysis were significant [task, F(1, 39) = 0.79, p = .38, η p 2 = .02; similarity, F(1, 39) = 0.84, p = .37, η p 2 = .02; interaction, F(1, 39) = 0.08, p = .78, η p 2 = .00]. The significant interaction in the omnibus analysis is therefore due to the fact that phonological similarity has an effect on order accuracy in simple span, but not complex span. To summarize the results of E1, the classic phonological similarity decrement was observed in simple span and in all three dependent variables. In contrast, phonological similarity facilitation was observed in both versions of reading span, in serial recall and item recall. Also, serial recall and item recall were better in story span than in reading span, suggesting that the added context in story span did improve recall. However, the facilitation effect was the same in story span and reading span, suggesting that sentence context does not have an effect on phonological similarity facilitation. This was further tested in Experiment 2.
Experiment 2
Experiment 2 (E2) was a 2 × 2 mixed factorial design in which participants performed one of two variations of reading span while phonological similarity was manipulated within the tasks in the same manner as in E1. However, instead of reading sentences in which the final word was the to-be-remembered item, here the to-be-remembered words were unrelated to the sentences and were presented separately. That is, the participant would read a sentence aloud, and then an unrelated word would be presented, and so on until the end of a list, at which point the participant was required to recall the to-be-remembered words in correct serial order. This manipulation was introduced in an attempt to divorce the memoranda from the sentence context. If phonological similarity itself serves as a retrieval cue, facilitation should still be observed.
Another motivating factor for E2 was that the phonological similarity facilitation effect observed by Copeland and Radvansky (2001) was stronger than the facilitation effect observed in the present E1. An analysis revealed that our E1 sentences had slightly fewer words and syllables, on average, than did those used by Copeland and Radvansky. Nairne and Kelly (1999) demonstrated that increasing the delay between encoding and recall produces a shift from phonological similarity decrement to facilitation, so it is possible that the (cumulative) length and/or complexity of the sentences could impact the phonological similarity effect in reading span. We therefore administered two versions of reading span, one consisting of relatively short sentences and one consisting of relatively long sentences.
Method
Participants
Forty undergraduate students participated in exchange for partial course credit. Participants were assigned to one of two reading span tasks: reading span A (shorter sentences similar to those used in E1 [n = 20]) or reading span B (longer sentences used by Copeland &Radvansky [n = 20]). The participants were all native English speakers.
Materials
The to-be-remembered words were the same as those used in E1.
Reading span A Sentences in this version of reading span were modified sentences from E1. The final word in each sentence was changed to another conceptually and grammatically acceptable word, if possible. Some sentences needed to be further altered if the final word was not easily substitutable. The to-be-remembered words were presented separately from the sentences and were the same words as those used in E1. The sentences and words were paired such that a to-be-remembered word was not paired with the sentence it came from in E1, again to ensure that there was no relationship between the sentences and the words.
Reading span B Sentences in this version of reading span were taken from Copeland and Radvansky (2001) . Since their sentences were constructed to have some sentencefinal words that were phonologically similar, the sentences were rearranged such that sentences with phonologically similar final words were not presented within the same list. As in reading span A, the to-be-remembered words were presented separately from the sentences and were the same words as those used in E1.
Procedure
The procedure was the same as that in E1, except that the experimenter clicked the mouse to present the to-beremembered word immediately after the participant had finished reading the previous sentence. The to-beremembered word remained on the screen for 1,000 ms, and then the next sentence or the recall screen was presented.
Scoring
The scoring procedures were the same as those in E1.
Results and discussion
Significance tests and effect sizes were conducted in the same manner as in E1. As a manipulation check, an ANOVA was conducted to compare average reading time per sentence in the two reading span tasks. As was expected, participants were faster to read the shorter sentences in reading span A than the longer sentences in reading span B (M A = 3,851 ms, M B = 4,504 ms), F(1, 38) = 49.62, p < .01, η 2 = .37.
Serial recall A 2 × 2 mixed factorial ANOVA was conducted to examine the effect of phonological similarity on serial recall in the two reading span tasks. Phonological similarity facilitation was observed, replicating the results from E1. That is, the main effect of phonological similarity was significant, F(1, 38) = 16.49, p < .01, η p 2 = .30, such that participants recalled more words in the similar condition than in the dissimilar condition (see Fig. 3a) . The main effect of task was not significant, F(1, 38) = 0.20, p = .66, η p 2 = .01, nor was the interaction, F(1, 38) = .11, p = .75, η p 2 = .00. In sum, participants demonstrated phonological similarity facilitation in both versions of reading span, suggesting that, as before, sentence context is not driving the phonological similarity facilitation effect. These results also indicate that our sentence length manipulation had no impact on the facilitation effect.
Item recall A 2 × 2 mixed factorial ANOVA was also conducted on item recall. Phonological similarity facilitation was again observed, replicating the results from E1. That is, the main effect of phonological similarity was significant, F(1, 38) = 56.03, p < .00, η p 2 = .60, such that participants recalled more words in the similar condition than in the dissimilar condition (see Fig. 3b ). The main effect of task was not significant, F(1, 38) = 0.58, p = .45, η p 2 = .02, nor was the interaction, F(1, 38) = 0.48, p = .49, η p 2 = .01.
Order accuracy A 2 × 2 mixed factorial ANOVA was also conducted on order accuracy. None of the effects in this analysis were significant (see Fig. 3c )[similarity, F(1, 38) = 2.39, p = .13, η p 2 = .06; task, F(1, 38) = 0.25, p = .62, η p 2 = .01; interaction, F(1, 38) = 2.61, p = .12, η p 2 = .06]. To summarize the results of E2, phonological similarity facilitation was observed in both versions of reading span, in serial recall and in item recall. No effects were observed for order accuracy. All of these results replicate the results of E1.
Individual differences in facilitation in E1 and E2 Taken together, the results of the first two experiments demonstrated robust phonological similarity facilitation in four different versions of reading span. Here, we examined individual differences in the magnitude of the facilitation effect. Unsworth and Engle (2007) suggested that individuals with low WMC are not as efficient at performing a discriminative search of items in secondary memory and are more likely to include irrelevant items, such as items from previous lists. According to this view, low-WMC individuals should benefit more from a list retrieval cue that delimits the search set than should high-WMC individuals. Assuming that phonological similarity in E1 and E2 served as a list retrieval cue, the lower one's WMC, the better the participant should have performed in the phonologically Fig. 3 Serial recall, item recall, and order accuracy in Experiment 2. Words within phonologically similar lists rhymed. Error bars represent the standard error of the mean similar condition, relative to the dissimilar condition. Reading span tasks are typically administered with dissimilar items, and reading span is a reliable and valid measure of WMC, so each individual participant's WMC was calculated on the basis of his or her score from the dissimilar condition. Individual phonological similarity facilitation scores were calculated by subtracting recall in the phonologically dissimilar condition from recall in the phonologically similar condition. There was a significant correlation between WMC and the facilitation score, (r = .44, p < .01, suggesting that individuals with lesser WMC benefited more from phonological similarity (see Fig. 4 ).
Experiment 3
A third experiment was conducted in order to further test rhyming as a list retrieval cue. The results from the first two experiments supported the list context hypothesis, and in the first two experiments, phonologically similar lists consisted of words that rhyme. It is likely that rhyme served as a retrieval cue, which resulted in facilitation in reading span. In Experiment 3 (E3) phonological similarity was operationalized as feature overlap rather than rhyme. That is, words within similar lists shared phonological features but did not rhyme. The experiment was a 2 × 2 mixed factorial design in which participants performed either a word span or a reading span task and phonological similarity was manipulated within groups. The word span task was similar to word span in E1. The reading span task was similar to those in E2, in that the to-be-remembered words were unrelated to the sentences and were presented separately from the sentences.
Method
Participants Forty-one undergraduate students participated in E3 in exchange for partial course credit. Participants were randomly assigned to either a simple span task or a complex span task. Participants assigned to the simple span task completed word span (n = 20). Participants assigned to the complex span task completed reading span (n = 21). The participants were all native English speakers.
Materials
A total of 108 single-syllable words were used as memoranda. Fifty-four of the words were arranged in three lists of 3, 4, 5, and 6 such that the words within each list were phonologically similar to one another but did not rhyme (e.g., cap, man, cat). The other 54 words were arranged in three lists of 3, 4, 5, and 6 such that the words within each set were phonologically dissimilar from one another (e.g., zip, mop, jaw).These words were taken primarily from Gupta, Lipinski, and Aktunc's (2005) list of canonically similar items and dissimilar items, with additional words taken from Oberauer's (2009) phonologically similar and phonologically dissimilar items and Baddeley's (1966) phonologically similar and dissimilar words. Sentences presented in the reading span task were the same sentences as those used in reading span A in E2.
Procedure
The procedure for word span was the same as that in E1, and the procedure for reading span was the same that in as E2.
Scoring
The same scoring procedures were used as those in the previous experiments.
Results and discussion
All statistical analyses were conducted in the same manner as in the previous experiments.
Serial recall A 2 × 2 mixed factorial ANOVA was conducted to examine the effect of phonological similarity on serial recall in the two tasks. The main effect of phonological similarity was significant, F(1, 39) = 6.86, p = .01, η p 2 = .15, such that participants recalled more words in the dissimilar condition than in the similar condition. The main effect of task was also significant, F(1, 39) = 32.06, p < .01, η p 2 = .45, such that participants recalled more words in the word span task than in the reading span task. However, these main effects were qualified by a significant interaction, F(1, 39) = 12.73, p < .01, η p 2 = .25 (see Fig. 5a ). Simple effects analyses revealed the classic phonological similarity decrement in word span, F(1, 19) = 24.78, p < .01, η 2 = .57, but no effect of similarity in reading span, F(1, 20) = 0.37, p = .55, η 2 = .02.
Phonological similarity facilitation was not observed in reading span when similarity was operationalized as feature overlap. This result supports our interpretation of the previous facilitation effects; that is, facilitation occurs because rhyming words provide a retrieval cue. It is also important to note that mean performance in the dissimilar condition of the various reading span tasks across experiments was remarkably consistent-E1 reading span, M = .49; E2 short reading span, M = .48; E2 long reading span, M = .50; E3 reading span, M = .48-suggesting that phonological similarity facilitation is not a function of task difficulty.
Item recall A 2 × 2 mixed factorial ANOVA was also conducted on item recall. The main effect of phonological similarity was not significant, F(1, 39) = 3.23, p = .08, η p 2 = .08, but the main effect of task was significant, F(1, 39) = 32.57, p < .01, η p 2 = .46, such that participants recalled more words in the word span task than in the reading span task. As with serial recall, the interaction was significant, F(1, 39) = 9.46, p < .01, η p 2 = .20 (see Fig. 5b ). The simple effects were also consistent with the serial recall data. There was a phonological similarity decrement in word span, F(1, 19) = 14.36, p < .01, η 2 = .43, but no effect of similarity in reading span, F(1, 20) = 0.71, p = .41, η 2 = .03.
Order accuracy A 2 × 2 mixed factorial ANOVA was also conducted on order accuracy. The pattern of results was the same as that for item recall (see Fig. 5c ). The main effect of phonological similarity was not significant, F(1, 39) = 3.51, p = .07, η p 2 = .08, but the main effect of task was significant, F(1, 39) = 18.87, p < .01, η p 2 = .33, such that order accuracy was higher in the word span task than in the reading span task. Again, the interaction was significant, F(1, 39) = 4.89, p = .03, η p 2 = .11. Similar to E1, there was a phonological similarity decrement in word span, F(1, 19) = 17.96, p < .01, η 2 = .49, but no effect of similarity in reading span, F(1, 20) = 0.04, p = .85, η 2 = .00. To summarize the results of E3, the classic phonological similarity decrement was observed in word span, across all measures of performance. In contrast, nonrhyming phonological similarity had no effect on reading span.
General discussion
The present experiments demonstrate that simple and complex span tasks are sensitive to phonological similarity, but in different ways. The classic phonological similarity decrement was observed in simple span, regardless of how similarity was operationalized. In contrast, phonological Words within phonologically similar lists shared phonemic features but did not rhyme. Error bars represent the standard error of the mean similarity facilitation was observed in complex span, but only when similar lists consisted of rhyming words, not when similarity was operationalized as feature overlap. The experiments do not support the hypothesis that phonological similarity facilitation in reading span occurs because of sentence context (Copeland & Radvansky, 2001 ). In E1, we enhanced context within lists in one of the conditions, and in E2, we removed the memoranda from the sentence context. Neither increasing nor decreasing context altered phonological similarity facilitation.
The present results are consistent with psychometric and neuroimaging research that has similarly demonstrated empirical dissociations between simple and complex span tasks. While the data suggest an important and fundamental difference between simple and complex span tasks, it would be incorrect to interpret these dissociations to mean that simple and complex span tasks tap completely different cognitive and neural mechanisms. Clearly, the two classes of tasks have much in common. Moreover, psychometric studies tend to show moderate to strong correlations between simple and complex span tasks. As well, neuroimaging experiments show that certain brain regions, such as the lateral prefrontal cortex and posterior parietal cortex, are recruited in both simple and complex span tasks but are more active in complex than in simple span.
The data therefore suggest that simple and complex span tasks tap the same set of cognitive mechanisms, but do so to different degrees. This interpretation is consistent with Unsworth and Engle (2007) , who have argued that in complex span tasks, the memoranda are displaced from primary memory into secondary memory due to interference from the secondary task, which is being performed during encoding and maintenance of the to-be-remembered items (e.g., reading sentences aloud in reading span). This displacement and interference increases difficulty, lowering overall recall, and engenders the need for a discriminative search of secondary memory at the end of a list when the recall prompt is presented. According to this view, the classic phonological similarity decrement in simple span occurs because these tasks emphasize active maintenance in primary memory. Concurrently maintaining multiple items in primary memory that are phonologically similar results in increased confusability and lower recall, whereas phonologically dissimilar items in the same state do not suffer as much interitem interference. Phonological similarity facilitation occurs in complex span tasks because these tasks emphasize discriminative search of secondary memory. Quickly displacing phonologically similar memoranda into secondary memory allows the search set to be delimited to relevant items, thereby enhancing recall. Phonologically dissimilar items do not reap the benefit from a unifying list retrieval cue.
The present results are also consistent with Nairne's feature model of memory and, therefore, do not necessitate the notion of "active maintenance of items" (see Nairne, 1990 Nairne, , 2002 . According to this perspective, all memory is cue driven, and what differs between immediate and delayed retention is simply the constellation of cues that drive retrieval. Given the differences between simple and complex span tasks, in terms of time from encoding to recall and time between encoding each subsequent item, it is reasonable to conclude that in simple span tasks, participants rely more upon phonological cues, whereas in complex span, participants rely more upon temporal, list, and/or semantic cues.
The question remains as to why Copeland and Radvansky (2001) did not obtain phonological similarity facilitation in the operation span task, which is a complex span task, similar in structure to reading span. They observed no effect of phonological similarity-that is, neither a significant decrement nor facilitation. We see at least three possible explanations of this result. First, it is possible that reading sentences aloud, as required in reading span, disrupts rehearsal and/or interferes more with phonological representations than does solving math problems, as required in operation span. A second possibility is that the act of reading sentences "primes" participants to activate semantic features of the to-be-remembered stimuli, resulting in more semantic representations in reading span, relative to operation span. Third, and perhaps least interesting, is that their null result is simply a Type II error. One aspect of their data suggests that this is possible. Oddly, recall in operation span was equivalent to recall in word span. This is almost never observed in experiments that include both simple and complex span tasks with the same to-be-remembered stimuli. Instead, simple span performance is typically greater than complex span performance. This aspect of their data makes the null result difficult to interpret and suggests that more experiments are needed to explore the effect of phonological similarity in operation span.
In conclusion, three experiments were conducted to investigate the effect of phonological similarity on simple and complex memory span tasks. The classic phonological similarity effect was observed in simple span, such that phonologically similar lists were recalled worse than phonologically dissimilar lists. In contrast, phonological similarity facilitation was observed in reading span when similar lists consisted of words that rhyme, but not when similar lists consisted of words that shared phonological features but did not rhyme. We interpret these results to suggest that rhyming created a list retrieval cue and cue-dependent memory retrieval mechanisms are more important for performance of complex span than of simple span. Copeland and Radvansky (2001) 
